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sources for lactating dairy cows

JOUKO SETÄLÄ and LIISA SYRJÄLÄ-QVIST

Department of Animal Husbandry, Unive ty of Helsinki

Abstract. An experiment was performed with 22 Friesian cows, using a double reversal design with
two treatments and one similar sequence for the two groups. The lengths of the standardization period,
adaptation periods, test period and post-test period were 4,1, 8 and 4 weeks, respectively.

During the standardization and post-test periods the cows received pre-wilted grass silage ad libitum
and a small amount of field-dried baled hay. In the test period hay was given ad libitum and the amount of
grass silage was restricted. A concentrate mixture (barley, oats, minerals) was given daily to each cow at

the rate of 0.3 kg/kg 4 % milk. During the standardization and post-test periods the mixture contained
one per cent of untreated urea and during the test period 2.5 % of untreated or treated urea. The urea had
been treated with 1.5 % formaldehyde on a weight basis.

The concentrate mixture was fed individually to each cow, but group feeding was used for the
roughage.

Among the cows producing more than 15 kg of 4 % milk a day, those receiving formaldehyde-treated
urea had a significantly (P< 0.01) higher milk yield, and the fatcontent of their milk was significantly (P<
0.05) lower than the group receiving untreated urea. Among the cows producing less than 15kg of 4 %

milk/day, the group given treated urea had a significantly (P< 0.05) higher milk fatcontent. No significant
differences were found between the groups in the protein content of the milk.

Formaldehyde was found in five milk samples (total 55) taken from the formaldehyde-urea group
during the test period. The formaldehyde content of these samples varied from 0.2 to 0.3 mg/kg milk.

Introduction

The effect of formaldehyde treatment on the utilization of urea has been
tested in earlier experiments performed by SETÄLÄ and SYRJÄLÄ-QVIST (1982
a, b, c). The degradation of urea to ammonia, microbial protein synthesis,
and the digestibility and nitrogen utilization of the total ration were studied
both in vitro and in vivo. The formaldehyde treatment giving the best results
in these experiments was used in further studies. In the present experiment
untreated urea and urea treated with 1.5 % formaldehyde on a weight basis
were tested as sources of nitrogen for lactating dairy cows.
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Materials and methods

The experiment was performed using a double reversal design with two
treatments and one similar sequence for the two groups. The experiment
started about seven weeks after calving. The periods and their lengths in the
experimental design were as follows:
standardization period, 4 weeks
adaptation period, 1 week
test period, 8 weeks
adaptation period, 1 week
post-test period, 4 weeks

Animals and their feeding

The test animals were 22 Friesian cows, six of which were first calvers.
The cows were already receiving 1 % of untreated urea in their concentrates
before calving. At the end of the standardization period they were divided
into two groups which were similar to each other in respect of the milk yield
during the standardization period, liveweight, days elapsed since calving and
number of calvings.

Roughage was fed and consumption of roughage was calculated on a
group basis. During the standardization and post-test periods the animals
received pre-wilted, formic acid-formaldehyde-treated grass silage (Table 1)
ad libitum. A restricted amount of hay was given during these periods.

In the test period field-dried, baled hay was given ad libitum and the
amount of grass silage was restricted to 10kg/cow/day.

The concentrate mixture (Table 2) was fed individually, each cow receiv-
ing a daily ration of 0.3 kg/kg 4 % milk. In the test period untreated or
formaldehyde-treated urea was given sufficient to cover about 25-30 % of

Table 1. The average chemical composition and feeding value of the feeds.

Concentrate 1 ) Grass silage2) Hay Untreated HCHO-treated
urea urea

Dry matter, % 87.0 22.7 85.7 99.7 99.3
% of dry matter

Ash 3.2 6.2 7.8
Crude protein 14.6 15.3 1 0.0 46.43 ) 46.3 3)

Ether extract 3.3 6.0 2.4 - -

Crude fibre 8.9 33.0 35.7 -
-

N-free extracts 70.0 39.0 44.0 - -

kgDM/fu. 0.98 1.30 2.0
g DCP/fu. 110 133 100 - -

f.u. (feed unit) 0.7 kg starch
’) without urea, 1.0 % of urea, 17.5 % CP, 2.8 % of urea, 23,3 % CP

2 ) prewilted, ensiled with Viher solution (30 % acetic acid, 55 % formalin) 5 1/1000 kg feed: pH 3.96, lactic acid 8.2 %, acetic acid 3.6 %,

propionicacid 0.4 % in DM, NHj-N 7.0 % of total nitrogen.
3 ) N %
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Table 2. The ingredients of concentrate mixture in differentperiods.

Periods
Standardization Test Post-test

Group 1 Group 2

Barley 58 58 58 58
Oats 39 37 37 39
Mineral mixture') 2 2.5 2.5 2
Untreated urea 1 2.5 - 1
HCHO-treated urea - - 2.5 -

l ) Containing, g/kg: Ca 165, P 85, Mg 30, Na 59, K 0.02, Mn 0.27, Zn 1.5,Fe 0.2, Cu 0.43, Se 50, Co 0.03.

the digestible crude protein requirement for milk production. The formal-
dehyde treatment was carried out by Kemira Ltd as described by SETÄLÄ and
SYRJÄLÄ-QVIST (1982 a).

Sampling and analyses
The roughage was sampled every second week, in such a way that each

sample represented the feed used during that period of the experiment. The
concentrates were sampled each time when a new mixture was made.
Analyses were made of each of the ingredients in the mixture.

Samples of feed refusals were taken every day, stored at +4°C and
analyzed at intervals of seven days. There was one sample per feed and cow
for each seven-day period.

The amount of milk produced by each cow was weighed every week on
two successive days. Milk samples for the analyses were taken every second
week on the same days. The formaldehyde content of the milk was deter-
mined on samples taken once during the standardization period and four
times during the test period.

The chemical analyses of the feeds and feed refusals of the cows were
performed on samples pre-treated as described by SETÄLÄ and SYRJÄLÄ-
QVIST (1982 c). The quality of the grass silage was determined as reported by
SETÄLÄ et ai. (1979). The volatile fatty acids (VFA) and their effect on the
silage dry matter content were taken into account according to ULVESLI and
BREIREM (1960). The formaldehyde content of the urea, silage and milk was
determined by the method of BECK and GROSS (1973) with the modification
of AOAC (ANON 1975, see also KREULA and RAURAMAA 1976).

The fat and protein contents of the milk were determined with the
Milkoscan 300-analyzer.

Calculations and statistical analyses
The energy and digestible crude protein required for maintenance and

milk production were calculated according to BREIREM (1969). The effect of
change in the live weight of the cows was also taken into account.

The dry matter intake of the individual cows was calculated according to
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GREENHALG and McDONALD (1978). The intake of the feed given ad libitum
was calculated by subtracting from the calculated total dry matter intake the
consumption of individually fed concentrates and the consumption of the
restricted feed. The intake of the restricted roughage was calculated as the
average consumption of the group. Changes in the liveweight and their
effects on the intake were taken into account as described by BREIREM
(1969).

The ruminal degradation of the nitrogen in the feed and the fermentation
of the feed organic matter were calculated for the concentrates, hay and silage
from the results of SETÄLÄ and SYRJÄLÄ-QVIST (1982 d). The requirements
for rumen degradable nitrogen (RDN) and undegradable protein nitrogen
(UDN) and for organic matter apparently fermented in the rumen were
calculated according to ARC (ANON 1980) with the modification that
metabolic faecal nitrogen was included, the value used being 2 g of metabolic
faecal nitrogen/kg DM intake (BURROUGHS et al. 1975 a). When the require-
ments for UDN were calculated the value chosen for microbial protein
synthesis was 30 grams protein N/kg organic matter apparently fermented in
the rumen.

The differences in the degradation to ammonia of the treated and untre-
ated urea were taken into account according to SETÄLÄ and SYRJÄLÄ-QVIST
(1982 a). The theoretical utilization of urea as ”urea fermentation potential”
(UFP) was calculated by the method of BURROUGHS et al. (1975 b).

The yield data were tested by two-way analysis of covariance, where the
regression variable was the yield of the preliminary period and the treatments
were used as factors. Feed intake and nutrient consumption were tested by
the analysis of variance and the differences between treatment means by the
Tukey test (STEEL and TORRIE 1960).

Results and discussion

Feed intake
The average amounts of urea consumed by the cows receiving untreated

urea and HCHO-urea were respectively 121 and 133 g/day (Table 3). When
the highest amount of urea, 220 g/cow/day, was fed at the beginning of the
test period, it decreased the palatability of the concentrates. The concentrates
were consumed completely when the average daily amounts of urea given in
the untreated urea and HCHO-urea groups were 120 (max 130) and 130
(max. 160) grams of urea/cow, respectively.

Milk yield and composition

The cows receiving HCHO-urea produced more 4 % milk during the test
period than the group given untreated urea but the difference was not
statistically significant (Fig. 1). The difference was, however, significant (P <

0.01), when only the cows yielding more than 15 kg of 4 % milk/day were
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Table 3. The average daily intake of different feeds (kg DM/cow) during the test period (Group 1
untreated urea, Group 2 = HCHO-treated urea).

Cows according Number Grass Hay Concen- Urea Total DM
to 4 % milk yield (kg/d) of cows silage trates intake

Group 1 Whole group 11 2.3 8.4 3.7 0.121 14.5
> 15 5 2.3 8.7 3.9 0.127 15.0
< 15 6 2.3 8.0 3.6 0.119 14.0

Group 2 Whole group 11 2.3 8.9 4.1 0.133 15.4
> 15 5 2.3 9.2 4.7 0.155 16.3
< 15 6 2.3 8.6 3.6 0.119 14.6

Figure 1. Milk yields and chemical composition of milk of different groups. (Group 1 = untreated urea,
Group 2 = HCHO-treated urea)
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considered (Table 4). The protein content of the milk did not differ signific-
antly between the groups. Among the cows producing more than 15 kg of 4
% milk/day, the fat content was significantly lower in the HCHO-urea
group (P < 0.05), but when the production level was below 15 kg of 4 %

milk, the fat content was significantly higher in this group (P < 0.05).
No significant differences were found in the utilization of energy or DCP

for milk production (Table 4). The amounts of DCP used are higher than the
suggested standards of BREIREM (1969).

The differences in the fat content of the milk are difficult to explain,
because the roughage : concentrate ratio was the same in the rations of the
two groups. It was also found in an earlier experiment of SETÄLÄ and
SYRJÄLÄ-QVIST (1982 c) that the formaldehyde treatment tended to increase
the proportion of acetic acid in the rumen VFA, which should not cause a
lower fat content in the milk. One possible explanation is that in the HCHO-
urea group the fat percent of the milk was affected by a greater energy
shortage, suggested by LAIRD et al. (1981).

According to WOHLT and CLARK (1978) and WOHLT et al. (1978), urea
was equal to soybean meal as a nitrogen source for cows producing 15-20kg
of FCM/day, provided the crude protein content of the total diet was about
12 % of dry matter. In many papers the crude protein content of the diet has
been suggested to be the critical factor for urea utilization. As is evident in
the review by SETÄLÄ (1981), however, this factor can vary depending on the
energy content and quality of the diet, and on the fermentation of energy and
degradation of nitrogen in the rumen (MOLLER 1973, AITCHISON et al. 1976,
MOLLER 1976, KWAN et al. 1977).

In grass silage-based diets the degradation of the protein of the total
ration can be remarkably high (SETÄLÄ et ai. 1982). In this experiment, where
grass silage was replaced by hay, the calculated intakes of RDN without urea
were lower than the requirements of the cows (Table 5). After the addition of
urea, these requirements were met in both groups. Without urea, the
calculated degradation of the nitrogen in the total rations of the urea and
HCHO-urea groups was 67 % and 63 %, respectively, and with urea the
corresponding values were 70 % and 67 %.

Table 4. Milk yield (kg/d), milk composition, liveweight change, and utilization of energy (f.u.) and DCP
per kg of 4 % milk during the test period (Group 1 and 2, see Table 3).

4 % milk Fat % Protein % f.u. g DCPCows according Number Livcwcight
to 4 % milk yield of cows x s.d. x s.d. x s.d. per kg of 4 % milk change, g/d

Group 1 Whole group 11 13.7“ 2.6 4.0* 0.25 3.3’ 0.09 0.33* 63* -107*
> 15 5 IS.T* 0.9 4.2* 0.18 3.4* 0.10 0.32* 63’ -178’
<l5 6 12.0“ 2.6 3.8’ 0.16 3.3’ 0.08 0.34’ 63* -53’

Group 2 Whole group 11 14.6“ 2.7 4.1* 0.18 3.3* 0.09 0.36* 64’ -53*
>l5 5 17.7* 0.74.0b 0.14 3.3* 0.09 0.34’ 61a -214’
<l5 6 12.5“ 1.14.2b 0.18 3.3* 0.10 0.37* 66‘ +2o*

a-b, P < 0.05, group means with different letters differ significantly
c-d, P < 0.01
f.u. (feed unit) = 0.7 kg starch



Table 5. The requirements and intake of different nitrogen fractions as grams/cow/day in the total ration,
and the utilization of urea as UFP (Group 1 and 2, see Table 3).

RDN intake 1)Cows according Number
to 4 % milk yield of cows + Urea -

Amino-N3

RDN UDN UDN
required intake3) required as Mbp required

UFP4

Group 1 Whole group 11 249.4 194.1 235.883.2 26.7 188 223 93.1
243.986.1 47.0 195 242 96.0
228.079.8 13.7 182 196 88.0
250.587.5 27.2 200 223 99.5
268.291.5 48.0 214 263 104.0
224.484.1 14.3 189 204 95.1

> 15 5 258.6 200.6
<l5 6 242.5 188.5

Group 2 Whole group 11 257.3 205.9
>l5 5 291.1 221.6
< 6 239.7 193.7

*) RDN = rumen degradable nitrogen
2) UDN = rumen undegradable protein nitrogen
3

) Calculated according to ARC (ANON. 1980),Mbp = Microbial protein
4 ) UFP = Urea fermentation potential according to BURROUGHS et al. (1975 b)

The total intakes of RDN and UDN are higher than the suggested
requirements. This can also be seen in the high amounts of DCP used per
kilogram of 4 % milk (see Table 4).

If the amino N available for the cow as microbial protein is calculated
according to ARC (ANON 1980), microbial protein synthesis almost covered
the requirements of the cows yielding less than 15 kg of 4 % milk/day. This is
in agreement with the suggestion of VIRTANEN (1967).

The crude protein content of the ration DM was 14.5-14.8 %. The results
of SETÄLÄ and SYRJÄLÄ-QVIST (1982 b) suggested that the utilization of the
HCHO-urea in microbial protein synthesis was better within this crude
protein range than the utilization of the untreated urea. The higher
methionine content in the bacterial mass (SETÄLÄ and SYRJÄLÄ-QVIST 1982
b) may have contributed to the higher milk yields of the HCHO-urea group.
Methionine, together with leucine, valine, phenylalanine and histidine, can be
a limiting amino acid in the microbial protein used for milk production
(VIRTANEN 1966, ARMSTRONG 1979, KAUFMANN 1979).

Table 6. Comparison of the 4 % milk yields (kg/cow/day) between the test period (b) and the
standardization (a) and post-test (c) periods. (Group 1 and 2, see Table 3).

Cows according
to 4 % milk yield

Periods Difference
ba+c , a + c

—— b r
x s.d. x s.d.

Group 1 Whole group 13.7 2.6 16.7 2.6 —3.o*
> 15 15.70.9 17.91.1 -2.2*
< 15 12.02.6 14.83.4 -2.8

Group 2 Whole group 14.62.7 15.53.4 —l.l
> 15 17.70.7 17.83.5 -0.1
< 15 12.51.1 13.10.6 -0.6

» P < 0.05

4 49
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When the milk yields of the test period were compared with those of the
standardization and post-test periods, the milk yield of the untreated urea
group was found to be significantly (P < 0.05) lower in the test period.
Calculated as DCP according to Lampila (1968), urea covered on average
about 25 % of the DCP required for milk production in both groups. It has
been found that milk production may be decreased when urea contributes
about 30 % of the DCP needed for milk production and the daily milk yields
are more than 12-14 kg of 4 % milk/cow (LAMPILA 1968, POUTIAINEN
1970, ETTALA et ai. 1977). MOLLER and NEIMANN-SORENSEN (1977) sug-
gested that urea N could contribute 18 and 31 % of total N without a
decrease in milk production when the daily yields are respectively less than
19.7 and 16.6 kg of FCM/cow.

Formaldehyde in milk
Formaldehyde was found in only five of the 55 milk samples and those

samples were taken in the HCHO-urea group during the test period (see also
SYRJÄLÄ-QVIST and SETÄLÄ 1982 a, b). The amount of formaldehyde
consumed in the feeds did not show any clear relation with the formaldehyde
content of the milk. The cows received about 1.79-2.39 g of formaldehyde/
day, and the formaldehyde content of the milk varied from 0.2 to 0.3 mg of
formaldehyde/kg milk. The amounts of formaldehyde found in the milk
were lower than in the experiment of KREULA and RAURAMAA (1976) and
BECK and GROSS (1973), but the intakes of formaldehyde were also lower.
The comsumption of formaldehyde was also below the limit suggested by
KAEMMERER and KERBER (1977) for the transfer of formaldehyde to milk.

In conclusion, formaldehyde-treated urea can be used successfully in
feeding of lactating dairy cows. The results of this experiment suggest that its
substitution for untreated urea may have a beneficial effect on milk produc-
tion.
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SELOSTUS

Käsittelemätön ja formaldehydillä käsitelty urea lypsylehmien typen-
lähteenä

Jouko Setälä ja Liisa Syrjälä-Qvist
Helsingin yliopisto, kotieläintieteen laitos
00710 Helsinki 71

Tutkimuksessa verrattiin käsittelemätöntä ja 1.5 prosentilla formaldehydiä käsiteltyä ureaa lypsyleh-
mien ruokinnassa, kun urealla korvattiin noin 25-30 prosenttia maidontuotannonsrv-tarpeesta. Kokeessa
oli 22 fr-rotuista lehmää jakoe suoritettiin ryhmäjaksokokeena, jossa siirtojaksojen pituus oli yksi viikko.
Vakiointijaksolla (4 vk) ja jälkijaksolla (4 vk) lehmät saivat esikuivattua nurmisäilörehua vapaasti.
Vertailujaksolla (8 vk) nurmisäilörehun määrää rajoitettiin ja kuivaa heinää annettiin vapaasti. Viljaseosta
annettiin 0.3 kiloa/4 %-maitokilo/lehmä kaikilla jaksoilla. Väkirehussa oli vakiointi- ja jälkijaksolla
käsittelemätöntä ureaa yksi prosentti ja vertailujaksolla käsittelemätöntä tai käsiteltyä ureaa 2.5 prosenttia.
Väkirehuruokinta oli yksilökohtainen ja karkearehuruokinta ryhmäkohtainen.

Kokeessa formaldehydi-ureaa saaneet lehmät tuottivat enemmän 4-%:ista maitoa/lehmä/d ja ero oli
merkitsevä (P< 0.01) lehmäryhmissä, joissa keskituotos oli yli 15 kiloa 4-%:ista maitoa päivässä. Tässä
ryhmässä formaldehydi-urea -ruokinnalla olleiden lehmien maidon rasvapitoisuus oli merkitsevästi (P<
0.05) alhaisempi, mutta alle 15 kiloa lypsävien lehmienryhmässä taas korkeampi (P< 0.05) käsittelemä-
töntä ureaa saaneeseen ryhmään verrattuna. Maidon valkuaispitoisuudessa ei ollut merkitsevää eroa
ryhmien välillä.

Formaldehydi-urea -ryhmässä todettiin formaldehydiä viidessä maitonäytteessä, joissa pitoisuudet
olivat 0.2-0.3 mg formaldehydiä/maito-kg. Formaldehydin saanti ei kuitenkaaan vaikuttanut selvästi
maidon formaldehydi-pitoisuuteen.


